Plants were exposed to sunlight or simulated shade to identify the range of shade 
INTRODUCTION

49
Plants need resources such as water, nutrients and light to grow. Under dense vegetation, 50 light is a limiting resource and competition for light can strongly influence the success of a 51 plant (Pierik and de Wit, 2013) . Plants have evolved sophisticated mechanisms mediated 52 by phytochromes that allow them to detect the early presence of neighboring plants and 53 to initiate developmental adaptive developmental strategies that avoid shading before the 54 canopy is closed (Ballaré et al., 1990) . The most significant changes in the red/far-red 55 (R/FR) ratios occur when daylight is reflected or transmitted by green vegetation. (Casal, 2012) . 62 In Arabidopsis thaliana and other species, phytochrome B (phyB) is the main 63 phytochrome, and phyD and phyE contribute secondarily, mediating the SAS. In open 64 environments, the Pr, the inactive form of the phytochromes located in the cell cytoplasm, 65 migrates to the nucleus when it absorbs photons of R light and photo-transforms to Pfr. In 66 the nucleus, the accumulated Pfr form interacts and degradates PIFs (Phytochrome 67 Interacting Factors) through the proteosome leading to growth inhibition by the 68 deactivation of gene expression (Lorrain et al. 2008) . In opposition, the shade light 69 converts Pfr to Pr form that no longer interacts with PIFs. These proteins will thus rapidly 70 Accepted Article re-accumulate promoting the expression of early shade genes such as PIL1, ATHB2, HFR1, 71 and PAR1 inducing cell elongation responses (Lorrain et al., 2008, Hornitschek et al., 72 2012). In addition, the full expression of SAS requires other photomorphogenic regulators 73 like COP1 (McNellis et al., 1994 , Pacín et al., 2013 , SPA (Rolauffs et al., 2012) double B-74 Box proteins (Crocco et al., 2010; Gangappa et al., 2013) and bHLH/HLH transcription 75 factors (Hao et al., 2012) . 76 The hypothesis of adaptive plasticity predicts that the phenotype of shade avoidance 77 induced by low R/FR ratios has a better fitness in dense canopies but is penalized at low 78 densities (Schmitt et al., 1995) . Because the light is a critical resource for plants, the SAS 79 confers an important advantage in asymmetric competition for light at high densities. 80 However in the absence of competition, allocation of resources to height at the expense 81 of leaves, roots and branches may reduce growth and reproduction, and elongated stems 82 may have a greater risk of mechanical damage (Casal and Smith, 1989; Schmitt and Wulff, 83 1993). Natural variation is a pre-requisite for the evolution of phenotypic plasticity (Via, 84 1985) . At molecular level, nucleotide polymorphism at photoreceptor genes underlying 85 natural variation in light responses (Aukerman et al., 1997; Balasubramanian et al., 2006;  86 El-assal et al., 2001; Maloof et al., 2001) . PhyB is the principal photoreceptor responsible 87 for red light and shade avoidance responses, and is proposed to be the gene responsible 88 for several QTL found when plants grow under shade (Borevitz et al., 2002; Botto et al., 89 2003; Botto and Coluccio, 2007; Kasulin et al., 2013 (Botto and Smith, 2002; Filiault and Maloof, 2012 
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Genetic material
149
Sixty genotypes from 15 populations of A. thaliana originated from the Northeast area of 150 Spain were used in this study. These populations were collected in different locations 151 defined by an altitudinal gradient (Montesinos-Navarro et al., 2009 Table 3 ). No significant effects were detected for the population by light interaction factor 260 in any of the six vegetative traits (Fig. 2 , Suppl. Table 2 ). and CP2) explained 34 % and 19.6 % of the data variability (Fig. 4) . The first axis ordered Reproductive traits were also affected by shade. Low R/FR ratios produced taller 375 inflorescences and reduced the number of flowering axes, plant biomass and seed weight 376 (Fig. 3) . The effect of light on the inflorescence length was dependent on the population. not show clinal variation associated with the altitude (Suppl. Fig. 2 and 3 Accepted Article
